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ABSTRACT 
The s e l e c t i o n  of e x t e r i o r  elements f o r  c o n t r o l  of 
s o l a r  i n c i d e n c e  has  been a  major concern f o r  
eng ineers ,  a r c h i t e c t s ,  and l i g h t i n g  d e s i g n e r s .  
This  concern r e l a t e s  t o  problems o f  thermal  hea t  
ga in ,  d i r e c t  g l a r e  and v e i l i n g  r e f l e c t a n c e .  Of 
equal  concern i s  t h e  q u a l i t y  of  t h e  view impacted 
by t h e s e  var ious  shade elements. Researchers and 
l i g h t i n g  des igners  have discovered t h e s e  concerns 
a r e  i n t e g r a l l y  connected t o  each o t h e r .  (Erhardt  
1987) A common denominator i s  t h e  concept  o f  
luminance and a d a p t a t i o n  l e v e l s  t h a t  impact  
occupant percep t ion  of  t h e  i n t e r i o r  l i g h t e d  space 
and e x t e r i o r  views. A r e a l i s t i c  s o l u t i o n  t o  t h e  
c o n t r o l  of t h e  v i s u a l  environment is  t h e  Fresne l  
Overhang System. This  element has been a v a i l a b l e  
f o r  y e a r s  b u t  u n t i l  r e c e n t l y  h a s  been l a r g e l y  
ignored.  The q u a l i t i e s  of  t h i s  system and i t s  
r e l a t i o n s h i p  t o  t h e  thermo-visual  environment 
w i l l  be discussed.  
INTRODUCTION 
Building envelope design r e l a t i v e  t o  f e n e s t r a t i o n  
d e a l s  d i r e c t l y  wi th  t h e  components of  r a d i a n t  
h e a t ,  g l a r e  and v e i l i n g  r e f l e c t i o n s  and 
i n d i r e c t l y  w i t h  p s y c h o - p h y s i o l o g i c a l  f a c t o r s  
i n f l u e n c i n g  t h e  b u i l d i n g  o c c u p a n t s .  The 
t r a d i t i o n a l  emphasis i n  f e n e s t r a t i o n  d e s i g n  i n  
hot and humid c l imates  focused on t h e  problem of 
decreas ing  s o l a r  h e a t  g a i n s  through t h e  window. 
The c l a s s i c  approach t o  window d e s i g n  was t o  
shade  t h e  window from d i r e c t  s u n l i g h t  w h i l e  
reduc ing  b r i g h t n e s s  on t h e  upper p a r t s  of  t h e  
window. This  was u s u a l l y  accomplished with t h e  
use o f  overhangs.  U n f o r t u n a t e l y ,  overhangs 
reduced t h e  amount of l i g h t  e n t e r i n g  t h e  space.  
Because o v e r h a n g s  c a n n o t  p r o v i d e  c o m p l e t e  
shading, a d d i t i o n a l  t reatment  was necessary.  
The u s e  of  s l o p i n g  awnings and v a r i a t i o n s  o f  
overhangs followed. These awnings and h o r i z o n t a l  
l o u v e r s  cover ing  v e r t i c a l  windows o f f e r e d  t h e  
a d v a n t a g e s  o f :  (1) s m a l l e r  h o r i z o n t a l  
p r o j e c t i o n s  from b u i l d i n g  s u r f a c e s ,  ( 2 )  good 
ground l i g h t  p r o j e c t i o n s  from e x t e r i o r  b u i l d i n g  
sur faces ,  (3) v a r i a b l e  c o n t r o l s  t o  permit  l i g h t  
c o n t r o l  and v e n t i l a t i o n .  Some d i s a d v a n t a g e s  
were: (1) h o r i z o n t a l  l o u v e r s  r e q u i r e d  
considerable  maintenance due t o  d i r t  and p a r t i c l e  
bui ld-up,  ( 2 )  i f  l o u v e r s  were not  adequa te ly  
p o s i t i o n e d  t h e i r  a b i l i t y  t o  c o n t r o l  l i g h t  and 
v e n t i l a t i o n  was reduced ,  (3) l o u v r e  s p a c e  
impaired view t o  t h e  e x t e r i o r .  
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P r i o r  t o  r e f r i g e r a t e d  c o o l i n g  sys tems ,  when 
incandescent  lamps were used t o  provide i n t e r i o r  
i l l u m i n a t i o n ,  windows were va lued  a s  a  l i g h t  
source .  A major problem with windows a s  a  l i g h t  
s o u r c e  was d i r e c t  a n d  i n d i r e c t  g l a r e .  
N e v e r t h e l e s s ,  many o f  t h e s e  louvered  shad ing  
systems d i d  c o n t r o l  d a y l i g h t  while  al lowing f o r  
adequate i n d i r e c t  l i g h t i n g  of t h e  work sur faces .  
Louvered s c r e e n i n g  may n o t  have evolved f u r t h e r  
were it n o t  f o r  t h e  changes t a k i n g  p l a c e  i n  
a r t i f i c i a l  l i g h t i n g  systems a f t e r  World War 11. 
The c e s s a t i o n  o f  t h e  war r e s u l t e d  i n  an increased  
a v a i l a b i l i t y  o f  low c o s t  energy.  T h i s  energy 
was, i n  p a r t ,  used t o  o p e r a t e  a i r  c o n d i t i o n i n g  
u n i t s  i n  new a n d  r e n o v a t e d  b u i l d i n g s .  
Consequent ly ,  t h e r m a l  c o n t r o l  r e a l i z e d  from 
n a t u r a l  v e n t i l a t i o n  and window shading  was no 
longer  t h e  primary concern. 
The new f o c u s  i n  f e n e s t r a t i o n  d e s i g n  s h i f t e d  
towards i n c r e a s i n g  t h e  c o n t r o l  of d i r e c t  g l a r e  
and v e i l i n g  r e f l e c t i o n s  on t h e  t a s k  a r e a .  
S e v e r a l  t e c h n i q u e s  were employed t o  s o l v e  t h e  
problem. F i r s t ,  t a s k s  were o r i e n t e d  s o  t h e  
windows were o u t s i d e  t h e  f i e l d  of view of  t h e  
windows. Second, r e l i a b l e  a d j u s t a b l e  c o n t r o l s  
were added t o  t h e  l o u v e r  s c r e e n s .  F i n a l l y ,  
r e f l e c t i v e  c o a t i n g s  were added t o  t h e  windows t o  
f u r t h e r  reduce g l a r e  and h e a t  ga in .  , 
These s o l u t i o n s  c r e a t e d  new problems and a  new 
way o f  l o o k i n g  a t  t h e s e  problems. The f i r s t  
group of  problems was r e l a t e d  t o  reduc ing  peak 
loads  and r e a l i z i n g  energy conserva t ion  g a i n s  i n  
t e rms  o f  l i g h t i n g  d e s i g n .  The second group of 
problems was r e l a t e d  t o  l i g h t  q u a l i t y  and t a s k  
performance. The d e s i r e  t o  s o l v e  t h e s e  problems 
b r o u g h t  a b o u t  a  new wave o f  r e s e a r c h .  
S p e c i f i c a l l y ,  r e s e a r c h e r s  were at tempting t o  f i n d  
t h e  r e l a t i o n s h i p  between window d e s i g n  i n  
b u i l d i n g s ,  t h e  l i g h t  t h a t  comes th rough  t h e  
windows, v i s u a l  a c u i t y ,  t a s k  performance, h e a l t h  
and a t t i t u d e s  o f  people i n  t h e s e  b u i l d i n g s .  The 
purpose of  t h i s  d i s c u s s i o n  i s  t o  sunnnarize t h e  
v a l u e  o f  t h e  F r e s n e l  Overhang System i n  t h e  
r e s o l u t i o n  of t h e s e  problems and suggest how t h i s  
sys tem can  improve t h e  r e l a t i o n s h i p  o f  human 
needs t o  t h e  v i s u a l  environment. 
THE FRESNEL OVERHANG SYSTEM 
I n  t h e  19301s,  a  m i n i a t u r e  louvered  sun s c r e e n  
was d e v e l o p e d  t o  overcome some o f  t h e  
d i s a d v a n t a g e s  a s s o c i a t e d  w i t h  t h e  h o r i z o n t a l  
l o u v e r e d  s y s t e m .  The l o u v e r e d  s u n  s c r e e n  
addressed t h e  problems of  view, d i r e c t  g l a r e  and 
h e a t .  The l o u v e r s  were very  smal l  ( .05  i n c h e s  
wide) and woven t o g e t h e r  wi th  f i n e  wire  a t  0.05 
inch  i n t e r v a l s .  The louver  c o n s i s t e d  of  17 o r  23 
louvers  p e r  i n c h  (Figure 1). 
The shading and brightness characteristics of the 
fresnel overhang system are augmented by the 
impact on the view out through the window. This 
characteristic is directly related to slat 
geometry or the width-to-spacing ratio of the 
miniature louvers. The field of vision of wide 
band louvers typical of venetian blinds or 
exterior louvers greatly impedes views. 
Miniature louvers in the fresnel overhang system 
by comparison, are much less distorting of the 
view. (Figure 3 6 4 ) .  
Figure 1. Cross section of minute-louvered material of 
darkened bronze. (A) standard spacing. (6 )  Clone spacing 
The effectiveness of the miniature louvered 
screen as a brightness shielding device as viewed 
from the inside is directly related to shading 
effectiveness. Ewing and Biesele (1958) found 
that the proportion of the unimpeded exterior 
view which is actually visible between the slats 
for various lines of sight outward through the 
louvers is very high. (Figure 2) 
Fig. 3 Three equivalent overhang types. 
Figure 2. Per cant of virw out, which ia unahieldad by 
minutr-louver4 material, standard spacing. 
Greenwich Harlxr , Greenwich, rmnn~ct icut is r 
1316 lnirlute louvers a t  the l e f t  ard ttwuugh : 
venetian blind louvers on the r i g h t .  The t w  
the $me  slat angle end r a t i o  of louver widtl 
Figure 4.  Vieibil ity Through Frame1 
Ovarhang System 
The effect of the miniature louvered materials on 
the luminance and illumination distribution 
produced in the interior of a room is equally 
impressive. Based on equal exterior incident 
illumination, the result is a more uniform 
distribution, although at a lower average level 
than in an unscreened room (Ewing and Biaele 
1958). (Figure 5) The change in the distribution 
pattern of illumination produced by the fresnel 
overhang system is the result of the selective 
shading of the direct skylight component but also 
their admission of reflected ground light. This 
characteristic of the louver tends to favor 
daylight penetration to the inner portion of the 
room. 
Figura 5. Teat clamaroorn at Eillcramt Eigh School, Dallam, 
Texam, with minut.-louvared matarial on clear glamm 
windowm, ovsrcaat aky, 1000 footcandlea incidmt 
illumination on windowm, of which 87 footcandlmm im from 
below the horizon. Value. at demkm arm illumination, in 
footcandlsm. A11 other valuem ara brightnemm, in 
footlamberta. 
Finally, there is the concern for heat loading 
through the fenestration to the interior space. 
Energy derived from solar incidence comes from 
direct solar gain, conductance or diffuse and 
nondirectional rays emanating from random 
reflectance off objects in the atmosphere. These 
diffuse and nondirectional rays constitute 10 to 
25% of the total aolar incidence. 
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Figurr 6.  Dimtribution of energy when a molar ray impingem 
on a aheet of common window glama at a fairly dirmct 
incidant angle. 
Figure 6 illustrates the distribution of energy 
when solar rays impinge on typical glass. 
Approximately 8% is reflected and immediately 
rejected to the exterior. Approximately 85% 
passes through the glass and becomes part of the 
interior cooling load. 7% is absorbed in the 
glass. (Pennington 1968) Figure 6 shows that 
87% of the aolar radiation reaches the interior. 
When a  min ia ture  louvered screen is  placed on t h e  
e x t e r i o r  of  t h e  window but  not  i n  c o n t a c t  with 
it, t h e  d i s t r i b u t i o n  of energy is  q u i t e  d i f f e r e n t  
(Figure 7 ) .  approximately 25% o f  t h e  d i f f u s e  
s o l a r  r a d i a t i o n  comes from below h o r i z o n t a l  
s o u r c e s .  T h i s  p o r t i o n  can p a s s  th rough  t h e  
louvers  and reach t h e  g l a s s  sur face .  I t  has been 
found exper imenta l ly  t h a t  approximately 10% of  
t h e  e n e r g y  t h a t  i s  a b s o r b e d  i n  t h e  s c r e e n  
u l t i m a t e l y  f i n d s  i t s  way i n t o  t h e  i n t e r i o r  
c o o l i n g  l o a d .  T h i s  i s  a  r e d u c t i o n  o f  77% 
(Pennington 1968).  
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Figure 7. Dimtribution of  energy when window glasm i n  
Figure 6 i s  protected by black louvered aun screen an t h e  
ex ter iar .  
THE VALUE OF THE FRESNEL OVERHANG SYSTEM TO THE 
INTERIOR VISUAL ENVIRONMENT 
The P r e s n e l  Overhang System can s o l v e  s e v e r a l  
problems r e l a t e d  t o  t h e  c o n t r o l  of  t h e  thermo- 
v i s u a l  environment. The most obvious is  t h e  h e a t  
r e d u c t i o n  o p p o r t u n i t i e s  i t  a f f o r d s .  Cooling 
l o a d s  a r e  t h e r e f o r e  l o w e r ,  and  e n e r g y  
conserva t ion  can be achieved.  This coo l ing  load  
r e d u c t i o n  h a s  t h e  added b e n e f i t  o f  g i v i n g  t h e  
l i g h t i n g  des igner  a  g r e a t e r  degree of  freedom i n  
t h e  s e l e c t i o n  of  l u m i n a i r e s  and o t h e r  l i g h t i n g  
equipment. 
A second  v a l u a b l e  a t t r i b u t e  o f  t h e  f r e s n e l  
overhang system i s  i t s  a b i l i t y  t o  adapt t o  new o r  
r e t r o f i t  c o n d i t i o n s  u n d e r  a  v a r i e t y  o f  
a e s t h e t i c a l l y  demanding s i t u a t i o n s .  The system 
mounts t o  e x i s t i n g  f e n e s t r a t i o n  e a s i l y  and merges 
i n t o  most e x t e r i o r  a r c h i t e c t u r a l  facades  i n  a  
p l e a s i n g  and harmonious manner. This  a t t r i b u t e  
a c t u a l l y  encourages i ts  use. 
The d e s i g n  response  t o  s t r i n g e n t  energy codes 
d u r i n g  t h e  7 0 ' s  and 8 0 ' s  was t o  c r e a t e  
h e r m e t i c a l l y  s e a l e d  b u i l d i n g s  with f i x e d  g l a s s .  
N a t u r a l  v e n t i l a t i o n  was not  p o s s i b l e  under t h a t  
c o n d i t i o n .  The F r e s n e l  Overhang System a l lows  
o p e r a b l e  windows and t h e  u t i l i z a t i o n  of  c o o l i n g  
breezes  when a v a i l a b l e .  
Perhaps t h e  most i n t e r e s t i n g  c h a r a c t e r i s t i c s  of  
t h e  F r e s n e l  Overhang System a r e  t h o s e  t h a t  
i n f l u e n c e  t h e  q u a l i t y  and d i s t r i b u t i o n  o f  
d a y l i g h t .  A s  p r e v i o u s l y  s t a t e d ,  u s i n g  mir rored  
g l a s s  o r  low t r a n s m i t t a n c e  g l a z i n g  r e s u l t s  i n  a  
d ramat ic  r e d u c t i o n  of  d a y l i g h t  c o n t r i b u t i o n  and 
a n  even more dramat ic  r e d u c t i o n  i n  t h e  e x t e r i o r  
view. This  h a s  been r e f e r r e d  t o  a s  t h e  "black 
h o l e "  e f f e c t  which c r e a t e s  a  "windowless"  
b u i l d i n g .  Occupant r e a c t i o n  t o  t h e s e  v a r i a t i o n s  
i n  l i g h t  q u a l i t y  and view opportunify,  while  not  
y e t  f u l l y  understood, is  be l ieved  t o  s i g n i f i c a n t .  
The F r e s n e l  Overhang System has  p o s i t i v e  impacts 
on (1) luminance d i s t r i b u t i o n ,  ( 2 )  a d a p t a t i o n  
l e v e l s ,  (3)  d i r e c t  g l a r e  f rom h i g h  s k y  
b r i g h t n e s s ,  and (4)  i n d i r e c t  g l a r e  from v e i l i n g  
r e f l e c t i o n s .  The luminance d i s t r i b u t i o n  i s  more 
uniform a c r o s s  t h e  i n t e r i o r  o f  t h e  space s i n c e  
t h e  r a t i o  of  r e f l e c t e d  d a y l i g h t  from below t h e  
h o r i z o n t a l  t o  d i r e c t  d a y l i g h t  from above t h e  
h o r i z o n t a l  i s  g r e a t e r .  The m i t i g a t i o n  of high 
a n g l e  l i g h t  reduces  t h e  e f f e c t  o f  uncomfortable 
and d i s a b l i n g  d i r e c t  g l a r e .  B r i g h t n e s s  i s  
reduced and r e s u l t s  i n  lowered a d a p t a t i o n  l e v e l s  
o f  t h e  occupants .  A s  Erhard t  (1987) r e p o r t s ,  
v i s u a l  a c u i t y  i s  p o s s i b l e  w i t h  lower l e v e l s  o f  
i l l u m i n a t i o n  w i t h i n  lowered a d a p t a t i o n  l e v e l s .  
Percep tua l ly ,  t h e  occupant i s  unaware of lowered 
b r i g h t n e s s  a s  i n  t h e  problem with mirrored g l a s s  
o r  low t r a n s m i t t a n c e  g l a z i n g  s i n c e  t h e  occupant 
"sees" a c t u a l  luminance.  Also t h e  problem of 
i n d i r e c t  g l a r e  o r  v e i l i n g  r e f l e c t i o n s  i s  
m i t i g a t e d  by u n i - d i r e c t i o n a l  s i d e  l i g h t i n g  t o  a 
much g r e a t e r  degree.  
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IMPACTS OF THE FRESNEL OVERHANG SYSTEM ON 
LIGHTING DESIGN STRATEGIES 
Lighting design strategies are formulated so as 
to incorporate those variables that are important 
to the particular needs of the space and its 
occupants. (Lam 1986) The most innovative 
strategy to date has evolved from one proposed by 
Robert T. Dorsey (1972). This integrative 
lighting design strategy addresses the problems 
of energy optimization and human performance. 
The model considers mechanical, economic and 
psychological factors influencing the use of an 
interior space. Central to this strategy is the 
need to consider the impact of light quality on 
human performance and human perception of the 
space. For instance, color, contrast, brightness 
ratios and perceived views are functional 
components to be considered when rendering a 
lighting solution to a space. The Fresnel 
Overhang System can, by virtue of the facts just 
stated, greatly increase the opportunity for 
positive human perception and positive human 
performance within a space. 
There are two basic reasons for this. First, the 
Fresnel Overhang System dramatically changes the 
way we think about windows in hot climates where 
heat loads and sky brightness are major problems. 
These window elements can now be viewed not as 
problems to be eliminated, screened or tinted out 
of existence but rather as aesthetic design 
opportunities that promote human well being and 
performance. 
The Fresnel Overhang System allows for energy 
savings through reduced heat loads. It also 
allows for lower levels of illumination required 
by electric lighting. Since daylight is 
considered by occupants to be more healthy 
(Heerwagen 1984), occupants are more satisfied in 
their work environment. It is widely accepted 
that people have a need for contact with sunlight 
(Lam 1977). The Fresnel Overhang System makes 
the cost of providing windows in buildings more 
economically feasible. 
CONCLUSION 
There is a significant body of scientific 
knowledge which demonstrates the relationship and 
the impact of the visual environment on task 
performance. However, the relationship between 
lighting and productivity and other factors of 
human performance is less well understood. 
Current research is responding to this need for 
greater understanding of human performance. In 
the interim, we need to develop a practical model 
of lighting design that clearly establishes the 
progress made to date. 
The Lighting Research Institute (1989) recognized 
this need. Their studies revealed that 
regardless of this difficulty "Lighting is one of 
the most important elements to control in the 
work environment. It influences not only our 
ability to see but also our feelings and our 
health." The Fresnel Overhang System is just one 
example of how we can make tangible progress 
towards achieving these ends. 
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